In recent decades, we have observed a remarkable increase in the rate of caesarean section (CS) in both developed and developing countries, especially in China. According to the World Health Organization (WHO) systematic review, if the increase in CS rate was between 10% and 15%, the maternal and neonatal mortality was decreased. However, above this level, increasing the rate of CS is no longer associated with reduced mortality. To date, no consensus has been reached on the main factors driving the cesarean epidemic. To reduce the progressively increasing rate of CS, we should find indications for the increasing CS rate. The aim of our study was to estimate the change of CS rate of Beijing Obstetrics and Gynecology Hospital and to find the variation of the indications.
Introduction

The ever-increasing caesarean section rate
In recent decades, we have observed a remarkable increase in the rate of caesarean section (CS) in both developed and developing countries, especially in China. [1] Based on a survey by the World Health Organization (WHO) on methods of delivery during the period 2007 to 2008, the rates of CS in China and other Asian countries were 46% and 27%, respectively, [2] despite the fact that in 1985, WHO recommended that no region should have a CS rate over 10% to 15%. [1] [2] [3] [4] However, CS is an effective lifesaving obstetric surgery, when it is properly performed and required for appropriate medical indications, such as birth asphyxia or prolonged or obstructed labor.
[5]
The disadvantage of caesarean section
According to the WHO systematic review, if the increase in CS rate was between 10% and 15%, the maternal and neonatal mortality was decreased. [3, 5] However, above this level, increasing the rate of CS is no longer associated with reduced mortality. [5] What is more, unexpected long-term risks of CS continue to be reported such as ectopic pregnancy, unexplained stillbirth, placenta previa, placenta abruption, [6, 7] haemorrhage and hysterectomy, endometriosis, increased hospital readmission and even an increase in gallbladder disease and appendicitis. [8, 9] It is also worth noting that increasing evidence suggests that cesarean delivery jeopardizes infant, child, and even adult health. [10, 11] It was reported that CS delivery can increase the rate of cardio metabolic disease (childhood overweight and obesity, type 1 diabetes), autoimmune and inflammatory disorders (allergic rhinitis, food allergy and atopy, asthma, celiac disease, inflammatory bowel disease), and autism. [12] Therefore, the overuse of cesareans is a real public health concern and it is urgent to reduce the rate of CS. To date, no consensus has been reached on the main factors driving the cesarean epidemic. [13] To reduce the progressively increasing rate of CS, we should find indications for the increased CS rate. The indications for increased CS, however, also appear to be dependent on the regions and ethnicity studied. And the indications also change as time goes. What is more, after a series of measures such as the implement of Chinese Expert Consensus on Cesarean Section Surgery, the application of new labor, the enhancement the propaganda of benefit of vaginal delivery through the bulletin board, school for pregnant women, birth experience in advance, it was effective for reducing the high rate of caesarean. The aim of our study was to estimate the change of CS rate of Beijing Obstetrics and Gynecology Hospital and find the variation of the indications between 2011 and 2014. We also provide basic reference about the CS rate to find the ways to reduce the CS rate.
Materials and methods
Study design
We selected the CS deliveries of the years 2011 and 2014 to analyze the variations of the indications of each year. For our analysis, we selected 14,642 and 16,335 deliveries respectively that occurred during the years 2011 and 2014, excluding incomplete data and miscarriages or termination of pregnancy before 28 weeks of gestation because of fatal malformations, intrauterine death, or other reasons. Gestational age was determined by the mother's last menstrual period, and it was confirmed by an ultrasound examination within 20 weeks of gestation or by the first trimester ultrasound measurement of the crown-rump length of the fetus. In addition, from January 1995 to December 2014, the CS rate of Beijing Obstetrics and Gynecology Hospital was analyzed.
Ethics approval
This study was approved by the human ethics committees of the Beijing Obstetrics and Gynecology Hospital and the Capital Medical University.
Data collection
Questionnaire: The questionnaire included maternal characteristics; gestational, intrapartum, delivery, postpartum and neonatal care, and laboratory tests. Abstracted data included demographic data; gravidity; parity; maternal medical history; specific information on maternal or fetal pregnancy-related complications; gestational age at delivery; method of delivery; all primary indications for CS; the newborn's sex, birth weight, birth length and Apgar score; and the maternal and perinatal outcomes. The primary indications for CS were divided into 3 categories: maternal indications, fetal indications, maternal request with no obstetric reasons. Maternal indications include previous caesarean delivery, elderly primigravida, cephalo-pelvic disproportion, prolonged labor (dystocia), maternal infection, complications of pregnancy such as preeclampsia, oligohydramnios, placenta praevia, placental abruption, presence of cardiac disease, or other maternal pathologies. Fetal indications included precious infant, malpresentation, fetal distress, macrosomia, and multiple fetuses. In fact, most aforementioned indications are not medical, which undoubtedly reflects the great diversity of views of medical staff handling the appropriate indications to schedule CS. To tell them apart, we divided CS deliveries into 2 categories, medical-indicated or non-medical-indicated. The medical-indicated CS category included: fetal distress, prolonged labor (dystocia), preeclampsia or eclampsia or HELLP, cephalo-pelvic disproportion, placenta praevia or placental abruption, oligohydramnios, previous caesarean delivery, multiple gestation, suspected macrosomia, intrauterine infection. The nonindicated CS was defined as a primary CS done on maternal request in the absence of medical indication (CDMR) or a physician documented reason not internationally recognized. These included: maternal age 35 or older; precious fetus-defined as in vitro pregnancy or poor obstetric history (i.e., prior fetal death, neonatal death, chromosomal, or structural abnormality), isolated premature rupture of membranes without fetal heart rate (FHR) abnormalities, nuchal cord seen on ultrasound without FHR abnormalities, high myopia, request for concomitant myomectomy or ovarian cystectomy, or other (isolated chronic hypertension; gestational hypertension; diabetes mellitus without macrosomia). The CS deliveries were recorded as either antepartum or intrapartum. The intrapartum CS that was defined as CS indicated during labor, regardless of whether labor was spontaneous or induced, however, the antepartum CS was defined as CS indicated prior to the onset of labor. The questionnaire was designed by obstetric and statistical experts and finalized after many discussions regarding its feasibility.
Data entry: Data were collected and recorded by specially trained medical staff (obstetrics and gynecology specialists and students). Data were first entered in a hardcopy format and then entered into computer network databases.
Data collection: Data were collected and entered into a computer network database. Case collection and hardcopy data entry were carried out from January to July 2015. Then, data were entered into network database from August to October 2015, and data quality control was carried out during the same period. All personnel that participated in data entry received training beforehand.
Quality control: Specialized personnel were responsible for the second round of quality control assessment.
Statistical analyses
All data were input into SPSS software (v.19.0; SPSS Inc, Chicago, IL) for statistical analysis. Continuous variables were expressed as the mean ± SD or the median (and interquartile range), as appropriate. Differences in the baseline characteristics between 2 groups were tested using the Student t tests for variables with normal distribution and the Mann-Whitney U tests for variables with skewed distributions. Categorical data were expressed as frequency (percentage) and the differences in frequency between the 2 groups were examined using the x 2 test. A 2-tailed P value of <0.05 was considered significant. 
Results
Variations of indications for cesarean section
From January 1995 to December 2014, the CS rate of Beijing Obstetrics and Gynecology Hospital is shown in Fig. 1 . The average CS rate during the past 20 years was 51.15%. The highest caesarean delivery rate was 60.69% in 2002; however, the caesarean delivery rate declined to 34.53% in 2014. The result was so amazing that we want to find the true reason for the huge decrease. So we randomly selected the CS deliveries of the year 2011 in contrast to the CS deliveries of the year 2014(n = 7477 and 5641) respectively to analyze the variations of the indications of each year. The CS rate in 2011 was 51.07%. The medical-indicated caesarean section deliveries accounted for 72.39% of CS deliveries in 2011. It was worth noting that although the CS rate in 2014 decreased to 34.53%, the proportion of medicalindicated CS deliveries increased (P < 0.01). It accounted for 86.95% of CS deliveries. The intrapartum CS accounted for 32.23% of CS deliveries in 2011; however, it accounted for 39.02% of CS deliveries in 2014 (P < 0.01).
As shown in Figs. 2 and 3, the most common indications for CS in 2011 were fetal distress (11.81%), followed by cephalo-pelvic disproportion (11.61%), malpresentation and breech presentation (10.93%), maternal request (9.99%), previous caesarean delivery (9.61%), elderly primigravida (7.59%), macrosomia (6.92%), preeclampsia (5.89%), oligohydramnios(4.21%), prolonged labor (dystocia) (3.83%), multiple fetuses (3.14%), precious infant (3.06%), placenta praevia (2.09%), high myopia (1.62%), placental abruption (0.68%), intrauterine infection (0.54%) and "other indications" (6.51%). However, the most common indications for CS in 2014 were previous caesarean delivery (20.24%), followed by malpresentation and breech presentation (13.99%), fetal distress (12.30%), cephalo-pelvic disproportion (7.09%), multiple fetuses (6.58%), prolonged labor (dystocia) (6.38%), macrosomia (5.39%), elderly primigravida (4.75%), oligohydramnios (3.76%), preeclampsia (2.57%), placenta praevia (2.20%), intrauterine infection 
Maternal-fetal prognosis
As was shown in Table 2 , the rate of postpartum hemorrhage of 2014 was higher than that of 2011 (7.34% vs 2.12%, P < 0.001). Meanwhile, the rate of blood transfusion and uterine artery ligation in 2014 was higher than that in 2011 (P < 0.05). However, perinatal mortality and the rate of neonatal asphyxia was lower in the year of 2014 compared with the year of 2011 (P < 0.001).
After analyzing the factors contributing to postpartum hemorrhage, we found that the rate of scarred uterus and emergency CS transited from maternity wards was higher in 2014 (Table 3 ). The population was divided into 3 groups: CS on maternal request, spontaneous vaginal delivery, and assisted vaginal delivery. As is shown in Table 4 , the rate of postpartum hemorrhage was highest in the group of assisted vaginal delivery, followed by spontaneous vaginal delivery, CS on maternal request (P < 0.001). There was no difference in the rate of blood transfusion and hysterectomy between the groups of spontaneous vaginal delivery and CS on maternal request. As for fetal prognosis, there was no difference in perinatal mortality and the rate of neonatal asphyxia between the groups of spontaneous vaginal delivery and CS on maternal request.
Population characteristics
As shown in Table 5 , pregnancy women with age between 25 and 29 years had the lowest CS rate and pregnancy women 35 years old or greater had the highest CS rate. Women 35 years old or greater had as high as 69.08% CS rate.
Based on the prepregnancy BMI and total weight gain of gestating women, we found that obese women had a higher rate of CS (P < 0.01). Women with prelabor BMI between 18.5 and 24.9 had the lowest CS rate. Resident women had a higher CS rate than migrant women (44.58% vs 39.24%, P < 0.01). Additionally, nulliparous women had lower rate of CS and medical indicated CS than parous women (P < 0.01) ( Table 5 ). As shown in Table 5 , male infants were more likely to be delivered by CS than female infants (43.6% vs 40.93%, P < 0.01). What is more, male infants were also associated with a higher rate of operative intervention in vaginal deliveries than female infants (e. g., vacuum and forceps) (4.9% vs 3.83%, P < 0.01). Although there was no correlation between the sex of infant and the rate of nonmedical indicated CS, male infants had a higher rate of delivery by CS with medical indications compared with female infants (34.69% vs 31.74%, P < 0.01). Women who conceived by IVF-ET had a higher CS rate than those who conceived spontaneously (76.03% vs 41.29%, P < 0.01). Women with fetus (weight<2500 g or weight>4000 g) were more likely to have CS than those with normal weight fetus (P < 0.01). CS was more likely in women with pregnancy complications such as multiple gestation, hypertension disorder, preterm birth, oligohydydrammios, late pregnancy bleeding, or birth weight >4000 g (P < 0.01). Women with preterm rupture of membranes or GDM were more likely to have a vaginal delivery (P < 0.01).
Discussion
Our study showed that the average CS rate during the past 20 years was 51.15%. The highest caesarean delivery rate was 60.69% in 2002. It has beyond the suggested CS rate 15% far away. It was amazing to find that the caesarean delivery rate declined to 34.53% in 2014. It made me to explore the true reason for the huge decline of the CS rate. We can figure out easily in Fig. 4 that the obviously different indications were caesarean delivery on maternal request and previous caesarean delivery. The rate of CS due to maternal request in 2014 was decreased by 8.16% compared with the year 2011. However, the percentage of pregnancy women with a previous caesarean delivery increased from 9.61% to 20.42% in 3 years. The result was similar to a survey conducted in a teaching hospital in China that showed the rate of CS because of previous CS increased from 7.22% to 20.9% in 3 years. [1, 14] Similarly, in 2006, Tang et al reported that the percentage of pregnant women with a previous caesarean delivery increased from 18% in 1992 to 40% in 2000 in urban China. [1, 15] Therefore, we can figure out that CS for women with at least 1 previous CS contributed greatly to the historic rise in the overall CS rate. [16, 17] In the Robson et al classification for CS, Group 5 (multiparous women with at least 1 CS and a single cephalic pregnancy at ≥37 weeks) makes the largest contribution to overall CS rates. [16, 18, 19] The result deserved our attention. China had instituted a policy this year to allow 2 children each family in November in 2015. It might mean the percentage of pregnant women with a previous CS delivery will increase greatly. The CS rate will increase if nothing has been undertaken. According to several surveys we can figure out that compared with a repeat elective caesarean VBAC is a reasonable and safe option for most women with previous CS. [20] [21] [22] VBAC is defined as a vaginal delivery by a woman who has had a previous caesarean delivery. It is also associated with lower maternal mortality and less overall morbidity for mothers and infants. [20, 22] Of women who chose a planned VBAC, the rate of VBAC success ranged from 70% to 87%, which was similar to general vaginal birth rates. [20] Despite this fact, many women who had a previous CS will choose a routine CS subsequently. [20] A study showed that the overall CS rate in United States has increased by over 40% since 1996, reflecting 2 concurrent trends: an increase in the primary rate (14.6% to 20.6%) and a steep decline in the VBAC rate (28.3% to 9.2%). [23] Our study had nearly no VBAC. A decrease in the VBAC rate implies a corresponding increase in the repeat cesarean rate, which has now reached almost 91%. The reasons for the low rate of VBAC were as follows, the fear of liability, the convenience of having a CS rather than the physician having to remain in the hospital for the whole of the woman's labor, and the marginalisation of midwives. [20, 24] Caesarean delivery on maternal request (CDMR) was defined as a caesarean delivery for a singleton pregnancy, on maternal request, at term, and in the absence of any maternal or fetal indication for cesarean. [25] Based on the WHO global survey (2010) on maternal and perinatal health in Asia, China had a disproportionately high rate of CS of 46.2% with an 11.7% rate of procedures performed without medical indication, which is the highest in the world. [2, 26] Much attention has recently been paid to the growing phenomenon of CDMR. Many researches had shown that CDMR might be one of the drivers of the skyrocketing CS rate in China. [1, 2, 27] Tocophobia, social, cultural and economic factors, the changing attitude of clinicians and pregnancy women may influence the desire to have a cesarean delivery. [2, 28] To C or not to C, that is the question. [28] Our study showed that there was no difference in the rate of blood transfusion, hysterectomy, and perinatal mortality between the groups of spontaneous vaginal delivery and CS on maternal request. What is more, more CDMR might mean that more CS would be undertaken due to previous CS. It would be a vicious Table 4 The comparison among different delivery modes. circle. Numerous reviews on the topic of CDMR have been presented both in favor and against. [28] A CS has been shown to have some very obvious advantages that include scheduling benefits, fewer uncertainties, avoidance of difficult labor and perineal trauma and minimizing the exposure of the baby to difficult manipulations, trauma and stress, the long-term protective effect on the pelvic floor and sexual function, as well as the universal reduction in the rates of (vertical) transmission of Table 5 The characteristics of the study populations. infections need to be revisited. [28] However, the disadvantages of a CS outweighed the advantages far away. Especially when women can bear more than 1 baby in China, a detailed discussion on reproductive outcomes following a primary CS should be launched. Primary CS was associated with an increased risk of infertility, [29, 30] early pregnancy loss, [31, 32] ectopic pregnancy, [32, 33] abnormal placentation, [6, 7] fetal growth restriction and preterm birth, [31] uterine scar dehiscence and rupture, [34] peripartum hysterectomy in subsequent pregnancies. [28, 35] Therefore, it is urgent to decrease CDMR. In our research, the decrease of the CDMR might be the reason for the decrease of CS rate in Beijing Obstetrics and Gynecology Hospital. Therefore, to decrease the CS rate, we must take actions to decrease the rate of CDMR. Along with the decline of CS rate, the perinatal mortality and the rate of neonatal asphyxia decreased in 2014 compared with that in 2011. However, the rate of postpartum hemorrhage increased. It might be due to the higher rate of scarred uterus and emergency cesarean section transited from maternity wards in 2014. Several studies showed that the blood loss during repeated caesarean section was higher than that during primary CS. The reason might be several following aspects 1) the uterine scar can increase the possibility of uterine rupture; 2) the uterine scar can lead to uterine atony and increase the possibility of placenta accrete and placenta adhesion.
A study used 5-year, population-based data to explore the relationship between maternal age and maternal request cesarean delivery. The study confirmed the expectancy that request cesarean delivery propensity increased with maternal age. [36] Our study showed that pregnancy women with age between 25 and 29 years had the lowest CS rate and pregnancy women 35 years old or greater had the highest CS rate. The reasons for maternal CS preference in the absence of clinical indications were as follows, safety of self or the baby, fear of pain during childbirth, avoiding pelvic floor collapse and incontinence subsequent to vaginal delivery, previous negative birth experience, the ability to schedule delivery in advance. [1, 36, 37] A major reason for CS delivery preference among older women could be related to safety. [36] Several studies have documented that adverse fetal and maternal outcomes increase with maternal age, especially primigravid women. [36, 38] Maternal obesity is associated with obstetric complications that may contribute to a caesarean delivery, and many studies have reported an obesity-caesarean association. [39, 40] Our study also confirmed the association.
In our study multiparous women had a higher CS rate than primiparous women. The reason might be repeated CS. Male infants were more likely to be delivered by CS than female infants. What is more, male infants were also associated with a higher rate of operative intervention in vaginal deliveries than female infants. The result was similar to my last research. [1, 41] This might be because male infants have higher risks of adverse perinatal complications, such as gestational diabetes mellitus in the mother, preterm delivery, fetal distress and macrosomia, failure to progress during the first and second stages of labor, cord prolapse, nuchal cord, true umbilical cord knots, placental abruption, and placenta praevia. [1, [41] [42] [43] [44] [45] [46] [47] [48] 
Conclusions
After a series of measures, the CS rate declined indeed. Compared with 2011, the perinatal mortality and the rate of neonatal asphyxia decreased in 2014. CDMR cannot improve the maternal-fetal prognosis compared with the spontaneous vaginal delivery. With the releasing of China's 2 children policy, more CS will be implemented due to previous CS. There is a need for further research that evaluates interventions for increasing VBAC rates that target clinicians. Urgent attention should be paid to the rapid rise of CS rate in China by the health policy-makers and medical professions due to the huge implications of CS.
Limitations
The study lacked the detailed information about a series of measures to reduce the CS rate.
